
AD-758 870

RELATIONSHIP BE'TWEEN RECOGNITION RANGE
AND THE SIZE, ASPECT ANGLE, AND COLOR OF
A IAIRCRAFT

Robert D. Baldwin

Hluman Resources Research Organization

Prepared for:

Office, Chief of Research and Development

February 1973

DISTRIBUTED BY:

HNUMT
Nationai Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151



ncal HumRRO
Report
73-2

HurmRRO -TR-73.2

Relationship Between
Recognition Range and the Size,
Aspect Angle, and Color of Aircraft

Robert D. Baldwin

HUMAN RESOURCES RESEARCH ORGANIZATION
300 North Washington Street 9 Alexandria, Virginia 22314

Approved for public release; distributic,1 unlimited.

t,:,,;'.I ,: ., I L N CA L
,;.i. ,'.'',' ' " -! 1..RIV IC E

/ ' 1- February 1973

Prepared for C

Office of the Chief of Research and Development
Department of the Army
Washington, D.C. 20310

bt! o' 0' 1:1ust, atioits in
IihS do(.eUr0Unt may be bettersf 1l eri of) microfiche



A T , -. •LI
JUS- if 0 1 4,.,

Destroy this report when it is no longer needed.

Do not return it to the originator.

Li



Unclassified

DOCUMENT CONTROL DATA -R & D
(S.cuftly Classificahion of ile@., body 0( absttra c tandadosin an~netaion must be ontorod when the overall report is claeltd)1. 41119111AVINS At•TIVITT (Col••441a 1Nidde autor), RE•PORT SECURITY CLASSIFIlCATION

Human Resources Research Organization (HumRRO) Unclassified
300 North Washington Street ,b.soup
Alexandria, Virginia 22314

3. R~EPORT TITLEt

RELATIONSHIP BETWEEN RECOGNITION RANGE AND THE SIZE,
ASPECT ANGLE, AND COLOR OF AIRCRAFT

4. ogscRIPt-c OotIs (Type of report and inclusive €iatoe)

Technical Report
I. AUTN6atal (First name. middle Initial, lot name)

Robert D. Baldwin

C. REORT OAT& 70. TOTAL NO. F° PAGES Vb. NO. OFPer$
February 1973. 31 4

SM. CONTRACT OR GRANT NO. SM. ORIGINATOR'S PRPOPT NUMSERlS)

DAJC 19-73-C-0004 HumRRO TR-73-2
b. PnRoJcT No.

2Q062107A745
C. 

9b. OTNH RENPROT wO.1s) (Any other number& that may be oeeldnedthis report)

d.

10, OISTRISUTION STATEMENT

Approved for public release; distribution unlimited

1I. SUPPLEMENTARY NOTES Ia. SPONSORING M ILITARy ACTIVITY

Work Unit SKYFIRE; Research performed 3ffice, Chief of Research and Levelopment
by Division No. S., Fort Bliss, Texas epartment of the Army

bashington, D.C. 20310
13. AOSTIIACT T

Reduced-scale field tests were conducted using 1/72nd scale model aircraft to
estimate the relationship between aircraft size (presented area) and recognition
range by ground observers equipped with binoculars. The overall size, color, and
aspect angle (view) of the models were varied. The observers were highly trained
and well-motivated members of the military and civilian research staff. The
average recognition ranges and accuracy levels obtained far exceeded previously
published data, being in the realm of detection ranges. The dark grey models
having a reflectance similar to camouflaged aircraft were recognized 1900 meters
(full-scale) sooner than aluminum-colo.'ed models. Aspect angles affected recogni-
tion range, as did overall size. Trial--'.o-trial reliability was high for each
view, but there was little consiscency in the recognition ranges between
different views.

bt01tlS of ;1U'-' , tb,...,,s I 0,lu .31hons n
thýs (I•c,urnert may he better

nJ l mn nmiiiri

DD i0?•. 1473 
-nclass_ ficI q



Unclassi fied
Security Classification

1A, LINKA A LINK II LINK C
KA[Y WONbS - ....-KOLI WT ROLE WT ROLl I W?

Aircraft Recognition

Aircraft Color

Miniaturi zation

Individual Differences

Recognition Range

Unclassifiedi•i) Security Classification



DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF RESEARCH AND OEVELOPMENT
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SUBJECT: Relationship Between Recognition Range and the Size, Aspect
Angle, and Color of Aircraft
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1. The report presents results of tests conducted to obtain information
on the abilities of human observers to identify low-flying aircraft.
These data are needed in planning for future air defense weapon systems.

2. Models of 13 representative jet-powered aircraft were used in
reduced-scale field testing, to determine the distance at which aircraft
in six aspect angles could be recognized, to evaluate the reliability
and consistency of observers, and to assess the effect of aircraft color
on recognition range. The average recognition ranges obtained in the
tests far exceeded any previously reported, and were comparable to
aircraft detection ranges. The head-on view presented the greatest
difficulty for observers. Grey-painted models with the light reflect-
ance of aircraft painted in terrain camouflage colors were recognized
sooner than silver-painted models with the same reflectance as aluminum.
Observers with equal training and experience appeared to use the same
recognition cues.

3. This report will be of particular interest to those engaged in
development of detection models and simulations of air defense
engagements for purposes of war gaming, training, or weapon system
development.

FOR THE CHIEF OF RESEARCH AND DEVELOPMENT-

6, ) VITERNA

Colonel, GS
Chief, Behavioral
Sciences Office
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FOREWORD

In February 1971, the U.S. Army Combat Developments Command Air Defense
Agency requested that the Human Resources Research Organization provide information
concerning the relationship that tends to exist between the size of an aircraft and its
recognition range. This report presents the results of tests conducted to satisfy that
request. The research was performed as a Technical Advisory Service related to Work
Unit SKYFIRE, Training Methods for Forward Area Air Defense Weapons, by HumRRO
Division No. 5, Fort Bliss, Texab, with Dr. Albert L. Kubala as Director. Military research
support was provided by the U.S. Army Air Defense Human Research Unit, LTC Frank
R. Husted, Unit Chief.

HumRRO research for the Department of the Army is conducted under Contract
DAHC 19.73-C-0004. Army Training Research is performed under Army Project
2Q062107A745.

Meredith P. Crawford
President

Human Resources Research Organization



PROBLEM

The U.S. Army Combat Developments Command, Air Defense Agency conducts
computer simulations to establish requirements and characteristics of future air defense
(AD) weapon systems. Some forward area AD systems depend upon human ability to
establish the identity of the aircraft. A number of field and reduced-scale tests have been
conducted to obtain estimates of the distances at which low-flying aircraft can be

* recognized. None of these previous tests, however, has related recognition range to the
size and aspect angle of the aircraft. These types of data were needed by the Air Defense
Agency in order to accomplish more valid simulations of air defense engagements.

RESEARCH OBJECTIVES

The primary objective of the tests described in this report was to obtain estimates of
the average distance at which each of 13 representative attack aircraft could be recog-
nized for each of six aspect angles (or views). A secondary objective was to evaluate
man's consistency or reliability in making such judgments. That is, how much variability
is there within an indivi',ial and between different individuals? A third objective, evolved
during the conduct of this research, was concerned with evaluating the effect of aircraft
color (or light reflectance) upon recognition range.

RESEARCH METHOD

Thirteen aircraft, judged by the senior researcher to be representative of jet-powered
attack aircraft with respect to sizes and structural configurations, were selected for the
experiment. They consisted of the following types:

Single Engined: MiG-15, AF-1E, F-84, F-100, Fitter, MiG-21, Mirage, and
F-10Z.

Multi-Engined: B-57, B-66, Flashlight, Firebar, and Beagle.
Models of these aircraft were available in 1/72nd scale for conducting reduced-scale field
testing.

The size of the aircraft was estimated in terms of the area presented in square feet
for each of the six views. These measurements were estimated by photographing each
model at each aspect and then projecting the views against graph paper. After the scale
factor was correctly established, the outline of the image was traced, and the area was
computed.

In this reduced-scale field testing, each model was moved toward four observers
equipped with 7-power binoculars, and the distance at which each observer correctly
recognized the aircraft model was determined. Separate testing was done for each view.
Each of the models was presented 10 times in random order for each view.

All testing was conducted outdoors using natural sky backgrounds. In most of the
testing, the models used were painted dark grey. The grey color had a light reflectance
comparable to that of an aircraft painted in camouflage colors. Supplementary testing
was conducted using silver colored as well as dark grey models.

preceding page blank



RESULTS

Recognition Range. The average recognition range varied from 6.0 kilometers for the
Mirage at a head-on view (00 climb-0 0 heading) to 14.7 kilometers for the B-57 at a 450

climb-35' heading. The head-on view tended to present the most difficult task for the
observers. Complete tables of the recognition ranges for each aircraft and each view are
presented in the body of this report and in the Appendix.

The supplementary testing comparing silver and dark grey models, which used
six aircraft at the 15' climb-45' heading, showed that, averaged over all aircraft, the
grey models were recognized about 1.9 kilometers sooner than their silver counterparts.

The relationship between recognition range and the area presented by the
aircraft was determined by means of correlation techniques for each of the six views.
This analysis showed that only 25 to 50% of the variability in recognition ranges could
be predicted from area for five of the six views. The correlation coefficient for the si :th
view, 150 climb-45' heading, was not large enough to be statistically significlait.
Apparently, the area presented by an aircraft is not the main determinant of hle
recognition range.

Aircraft Size. The area presented by the aircraft ranged from a low of 38 square feet
for the MiG-21 in a head-on view to 976 square feet for the B-66 at a 45' clinmb-.25c
heading. The relationships between area presented for each view and linear measures of
the aircraft were also computed. As would be expected, the correlation coefficients wore
quite high. The linear regression equations for predicting area from length and wing span
are presented in this report. Also included is a table presenting t ,le aircrafts' geometric
sizes expressed in square miles at the mean recog-kition range.

Recognition Accuracy. During these tests, the observers were instructed to make
recognition decisions only when they were almost certain of their decisions, but any
errors made could be corrected before the model reached the end of the "flight path."
Of the total of 3116 judgments made over all the trials, only 1.2% consisted of
uncorrected errors.

Observer Reliability. Reliability is concerned with the consistency of measurement
of an event under comparable or repeated conditions. In the context of these tests,
reliol-lity refers to the consistency from trial to trial in the recognition ranges obtained
by each individual over the set of aircraft. The trial-to-trial relialtility coefficients for each
view, varied considerably, from a low of .11 to a high of .98. Although the trial-to-trial
correlations were quite variable, the average reliability coetficient for each obsermer over
all trials was rather high; they ranged from a low of .47 to a high of S4,

For reasons unknown, the majority of the inconsistent observations occurred
for the 150 climb-45' heading view. However, similar analyses performed across views
showed very few statistically significant correlation coefficients. Although an observer can
be acceptably consistent in the range at which he recognizes an aircraft at one aspect
angle, he is very inconsistent for different aspect angles. These results suggest that an
observer utilizes different cues for different views.

Individual Differences, Correlational analyses were also conducted to evaluate the
consistencies between observers in the range at which each aircraft was recognized. The
correlation oetween observer pairs was computed both for the average range at which
each aircraft was recognized over all 10 trials for each view and for only the last trial of
each view,

V,



The inter-observer correlations for the mean recognition ranges over all trials
for each view were quite high, ranging from a low of .43 to a high of .97. Of the set of
36 inter-observer correlations, only the .43 coefficient was not statistically significant.
These results suggest that for each view the different observers were using the same cues
when making recognition judgments of the aircraft.

CONCLUSIONS

The conclusions reached as a result of the research were as follows:
(1) The recognition ranges obtained in these tests greatly exceed those reported

in previous research and are comparable to aircraft detection ranges. Since previous tests
have used nonvolunteer enlisted personnel as research subjects, the earlier data may not
be a valid indicator of the performance levels characteristic of highly trained and
well-motivated observers.

(2) The recognition range for an aircraft partly depends upon its overall size,
but other factors, perhaps the size of a structural feature, have as great or greater
influence on observers' performance.

(3) The area presented by an aircraft at various aspect angles can be accuraLcly
estimated from a knowledge of its wing span and length.

(4) The color or reflectance of an aircraft affects the recognition range.
Dark-painted aircraft are recognized sooner than aluminum-skinned aircraft.

(5) For any single view of an aircraft, an observer is highly consistent in the
relative distances at which various aircraft are recognized. The relative recognition range,:
of various aircraft, however, are not consistent across views, It is inferred tha the
observer searches for recognition cues that are specific to a view, and that ciiff, rent cues
are used for different aspect angles.

(6) Observers who have received equal training and experience tend to recognize
various aircraft in the same relative distances, suggesting that homogeneously trained
observers use the same recognition cues.
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INTRODUCTION

PROBLEM

In l"'hricary 11171, the VSt~t Army C'ombat Developments Comcmand. Air IDefonso
Amenv' t t'SAV')~I)CAD) retiuestod thtat I Iumltlt() Divisioni No, ri provide- Information
converning the relait onsh ip that ti-nd?, to ex~ist bet ween the sixt'tot an aircraft andc the
aiveralit. distance at which It is correctly revogjixed by to grounid observer, Dato analogous
to that which relates radar deteet ion ranite to target cross sect ion, its fllomured by rWar
reflectivity. wats desired.1

RESEARCH BACKGROUND

l're'viotiS full'stcall' field tests' had providmi dicta concerning the average distance cti
which at Selected few 1 1,8, acircraft were revognlued, that is, correctly niamed (F-100ic, j'A.j
etc.)I. In adcditicon, dacta we're available, front a prt'vioug I lunil=t research effort' thact
lInvolvetd recognitioten of 111odel aircraft in it rt'duct'd-maeit exjperifllettal simulation of thie
ground obs-erver's task, hiowever, only it small number of aircraft (either aeltial or
modelsit had beeni used tin vac'i previnus test program. and the testing had clot itwicuded
determinationg of the angular asipect prisented by the moving turgets4 at the timne they
were rt'cognittid.

F'or Several years IISA('lCADA had stated a researchi requirement for ndtlitiontiel
data concerning acirvraft recogn(idon range, and litimR RO had includled such it tes~t
program its part of Work Unit ST'AR during F"Y I 1967 and latter, in iesponst' to the
requirement, H oweve'r, the programmed teHSt weres never acornipl ished because the
extensive air Support that was necessarity involved was not uvaila~ble,

,rho' one re~th('ed-5('alt, Simulation program that I turRR0 previouttly conducted
indivatod that valid miniaturization of the rerogilitioci task was feasible by using 11'2nd
Scale models that were transported toward observers at Sca1led Speeds.

TEST PROGRAM CHARACTERISTICS

AIRCRAFT

The test program was designed to provide data for jet-powerod attack and fighter-
bomber aircraft that would he representative of Such aerial targets with respect to silt,
and configuration. The aircraft would have delta, swept back, or Straight wings. Both
single-engined and multiple-engined aircraft would be included. Air-.,raft size's would range
between that characteristic of the MiG-15 to that of the H-66.

1 W, Wokoun. b-keteeion ot Randont Low Aititede Jet Aircraft by Grouend Obstners'r, U.S. Army
Ordnance Human Engineering Laeboratories Technical Memorandum 7-60, June 1980.

'A.D. Wright. The Performnanei of aremnd Obserera in Jjetcclitig, Recognizing, aznd E'stimating
Range to Ihow-A/titedde Aircraft, 1-tuniRRO Tech~nicael Report 66-19, December 1966,

" Robert D. Baldwin, Edward W. Frede'rickson, and Edward C. Hackerson. oireraft Uc&'oopoitioni
Performanace of C.rew Chiefis Withi and Il'ithout Forward Oblservers, HeernHRO Tpelinical Report 70-12~,
August 1970,

Preceding page blank 3



The, alot 'l-a Indkidt~t' wore' 81elected by lilt, si'nie'r rit'searc~hv from it collect ion of
m~odelI aireral't avoilabilNo ('ulmw~'io us 11 tnim B ) ritsisart'll onl Iircraft recouli Iion, Tho
filial sit of lit-rafl tloIII' int. he eMling wr

I I I ~NIA1,lf6, V%"' I, l,~l F-X100,) Fl~ter, NIiMi'21, Mirage, and

t21 M klul I'elimjtnel II W5~7, HAWt Flisht~ligl, lirohaur, anld el,

Views
Thlte ~so'It'ct ,I tri'rart wot.r all nomnginily of 1i7 nd scale, andi wYoui lkl. hresenitet ito

obsiervers one li t I nill III fimt~lti5~tc opm- iles, nit. fotllowin 1141 ierpt angle's were tisedt

C1limb It Ite'atlin

(V

Alui aircridl ~ withI 0) clinb- -11 heaivig appears to the' ollserver ishead-tn a) ci (un'111-90
heading hmireents a side view to the observer.

'lht. miode'l aircraft were' painted it dairk grey, which had a retfit-clanlci' of 1 000
foot *hinillen s who'n ,i lumiu'.at ed hly ialt oral light outdoors, This level of refloutl'cive is
about thlt, seem' its an nirt'roft painte'd withI t erranit cntioiluriagi colors, 8ince the sky
hac-kgrokind had a ritfle'ctunve of aepproximate'ly 20001 loot .aIni erti, the' models hald ain
inhiertent contrast of .50o',

Size

Heferenve's sichl its J'Iui Ab iev'a/ of lile- World" provide int-astiremniit s of winig siptn,
feu.elagi- lenugth., and height . Ilow\\t-ve'r, Ilht're appawn i ly is no p~ubl ishied in formtti ion thait
relatevs t he prese'nted area of tin aeurcraft to lilt- climb andl heading ofE the airc~raft, In the'
abse'nce or publishmi data, lilt, following proce'dure' was uised to de'te'rmine' tlit areae
Im-rt'set'd for each of lilt, six airc-raft vie'ws:

First, the' Ilodels of lit-e aiircraft were' photographed for e.ach of the six views,
using orthofilni When projectedI against lithe bakground scre'en, this filni provided shiarply
de'hine'atted contrastx of the' aircraeft 's shape.

Second, lithe wing span of thlt, act ual aircraft was obtauintd.
Th ird . each of liht, sI\ views of the model wits' lproji-oml't onto it screen

consisting of graph pape'r, Image siz.e waus adjusitid so that 1/10th of tan inch onl the' graph
paper equaled 1/2 foot of wing span for the actual aircraft. Since' the, conwrti-to-model
distance' had been he'ld constant for the origlinal photography, all six views of ain aircraft
had a common reference' for measurement puirposes,

Fourth, for each view, the number of graph paper units (square's) occupied by
the airvraift's outline' was counted, Since each mat-rix unit had been adjuste'd to equal 1/4
foot of area, the total presented area for each view could he computed, The'se measure.*
ments of presenited area may only he econsidered its es4timates of the true areas since the

4W. (ort-en andi G, Poll gnor Th'le A1ircrifl it/ lite Woirlud, Douhlt'duy andc Co., (varde'e City, N w
York, 1965.
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Iil,,lgIs til-d ito) imllth itltglsI111I1,' M ha t hav' It'illh ftihlfl r.epil.as of' the, al'tull aiI'ral't,
hlit ahitio, troiang and an ominor' iouniltin• errrirs indouitI'hdly oci'iri'il, 'i'll' lattr ouII'I'lls

of potiltlittitl errot, would hive onliy it lilotir offect on tilt, 'rva mIut'.rt's olitalUed, het,.
of hilt' scale' onversion ustil l ii ., l i l0lh lt-ih equals I/2 footj,

OBSERVERS

,ix "ll'roft'ssii)lltl '' o)bservers'! se-rved fits hserv'ers for thei test s, A liiajoritl' of tiite
ohte'rvitiomt were made by four of tihe nien, ttilt, fllrth d si.xth serv'nlg ts mi uhst tutei',
'flirthe orf' thal ,bstrvirs were memtbe'l.,rs of tilth Ilurn it l) rsorch istiM 'ft tilt- other ihr'e'
we're vcolept raintied onlisti'd men asilsned to thet, 1 ',U Army Air Ii'fl'sns. li lumni lteis.erch
'Unit.

TI'lt, observe'rs were tratined w%,ill pirintted sllhouc-et vs, slides', and tIlodeils of tilt,

aircraft, plus aplplroxlnilately lv.Iht hours of t ,lO practitr.'In IMi tllrtl nary test Ing that u,,t'd
the I t" climbh-20" headilng view. At tht, ternlhlalt bil of trainingi. tlipsi ohbsrver's were
pterfomi'tlrnhg the to'eognlitotn task tit it vtery high hevel of profic'ievny,

All obhservers we're equippetd with 7.pow.'er hinii'ltars, 'I'hre men used 70,5() hinoeti.
htrs with individuilly f'otused t-ypplu'tiees; lilt- fourth used 7x3I5 ,entetr.t)tuoesud hinouliar:s,

"Il'r'ofessioinl" ohsi'rvi'rs were' useid for this program i'evausl e of diflTi'ulity in ohtain.
Ing a latve sanlhit, of well.rtilned men who would hI' il)ie'htlly viallahhle for the whol'
test sern's, 'rho tiust tlatti olhtailltd, therefort', Iiitiy lot ru'pt'esellt how the "t'Iypictl'" soldier
assignl'd is till airtcraft ohbserver wotuld perform. At thilt present lirili, however, tlhe
proU'viency of i typical obuserver appareintly is unknown.

FIELD TESTING PROCEDURES

T'ht'e mhlaturimtel te,-t facility was estailishd Otll t illunused ctivcrite airreraft parking
pad tit Biggs Army Air Fie'ld, adjalelt I to I'l'uasot, T'e'xas, 'T'lii o)ser'vi's We'r locattid Ut
one 'ltd Of ii scaledl Il6,)Ot).ntleher "flight path.- ''lhe iohservl'rs were seahtd on mats
placed onil the grountld tuid arraiilutdl ot'n behind lnot lher alt an nagllh' of approxinilt e~ly 31
from thie end of lilt, flighit patlh,

For tilt- field test, the model atircraft were fixed to it short hoom moitIuted oil ti,
roof edgte ait the side of aI panel truck, Til'h truck movtl ait it scaled speed of .100) knots
from ia startling posit ion (galt') 15 kilometers istl'ed) from thih ot-lstrvls, 'Ihie truck
nmoved along ia lile passing iumediately adjavent to ihi' ohservers. The view, tor asp)et't o)f
the aircraft prtsetnted to lib obser'vers, was eissu'Iit lhidly eonstanlt, except for thie distanlctes
less than 1500 meter's, whlln tilt, vertivial angles presetltte'd to tilt, ohserver progressively
inc'reased to tilt n point that resulted in a I ottom view of tilt' aircraft as it passed over tilt,
heads of the observers,

Each obsherver was provided with it hand-held Reaction Button ahod at Response
('hoic'e Box posit.ihned nit'xt to hiiin oil the ground. Thie Reaction Button was depressed at
the time a recognit ion, judgment wits madie. The specific recognition judgmnent made was
subsequently indicated on an event recorder by depressing one or the 13 ('hoic'e buttons
oil tile C'hoice Box. (The apparatus used for these decisions is showil il Figure i.) nhit
four Choice Boxes were connected to a 20.chatnnili e'vent recorder.

Pneumatic switcll hoses were positioned ,,very 1000 meters (scald) along the path
of motion of the truck, As the ve'liieh movei' down the "flight path," it actuated each
hose successively. Thesi' actuations were ticked on one ctha'nnel of tilhe recorder. Four
observer chann'els monltored tilt, act tuation of t'a(.'i olservv'tr's lReact ion Button and tile



cmum

'kZ



cho~ice event i-. III addlition, 1 3 additiOnail channels recordell which of tilh, 13 airc-raft wits
dos~ignti~ted by y Iiki ohservt'r

'lht' aitrtrift models wvere' mountedt on thel sup~port boom in it stAging area nearI till-
starting gote. Thel modelis w~ere randomly stequenced in groups of 1 3 aircraft by mevans of
previous~ly prepared lists. E~ach aircraft wats presenited at each aspect 10) timevs. A total of
.10 observter Judgmenits woert ObldtiitKI fOr Ieach of the six vie'ws of each of the 1.3 aircraft.

lThe tet'ting WiltS acmls ill onet'lhalf daiy b~loc'ks cistribated over ninte caltendar
days during (lthe period 23 August through 10 () ptt'mbvr 1971 The'l( number of lists
presented (during it blotck variedl between two and five, More lists were presented during
each block for thel last half of thie test program, hevatist till thel observers were becoming
very proficient iiit frreque'nt ly niade t heir judgmien ts shortly after each trial beganl.

DESCRIPTION OF A TRIAL

Thet beginning of each trial wits announced by the vehicle driver via radio. U pon
hearing this signal, eachi obse'rver place~d Ilis binoculars to h is eye's and began observation
of tile aircraft model as the truck move'd down the path. When anl observer madte at
judgment, he de'pressed his Reaction Button, lowered his binoculars, and dtepressed one( of
the% 13 switche's onl the Choice Box,

IHIt then was free to rtest or to resumei observation if he fe'lt less than 100%,
confident of his recognit ion judgment. Flt'v obstervters were instructted to ('ont inueI obst'rva-
tion until they were ''c'rtain"' that they had miade at correct judgme'nt . If anl observer
reversed an tearlier decision, lit' depressed hitt Rteaction Button onice again and the'n made
another designation onl the Response Choice Box.

When all four observers had discontinued their visual observation of thle aircraft
model, the event recorder operator ''waved off"' thle truck, which rteturned to the staging
area and prepared for tile next trial.

RESULTS

RECOGNITION RANGE

'F'able 1 presents the mean (average) full-.%cale distance to the single-engine aircraft at
the time the correct recognition judgments oo'curred for each view. Thle average accuracy
of the judgments was 98.8%. Table 2 presents tile recognition ranges for the multi-engine
aircraft. Each table also includes the average recognition range over the aircraft for each
view. The Appendix A table duplicates the averages and includes the Standard deviations

L ~of thc- recognition ranges ýor each aircraft and each view.
The average recognition ranges vary considerably, both within and between the two

classes of aircraft and between the aircraft views, For both single- and multi-engine
aircraft, the 45' climb-35" heading provides the easiest discrimination. For tile single-
engine aircraft, the shortest recognition ranges tended to occur most frequently for the
0"-0* view. Ini contrast, the 15'-45* view was apparently the most difficult discrimina-
tion for the multi-engine Aircraft.

The mean recognition ranges obtained in this research are, much greater than those
reported for previous full-scale and miniaturized tests. In a full-scale test involving three
aluminum -skinned jet aircraft, Wright6 obtained a mean recognition range of 4,320

5 Wright, op cit.
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Table 1

Mean Recognition Range for Eight Single-Engine
Aircraft and Six Aspect Angles

(Meters)

Aircrft - Aspect (Climb.Hiesdingi

15 -458 15"-200 1 10-15 o 4 5_ 35 -90

AFIE 8,396 8,737 9,686 0,928 9,274 9,779
F.84 7,397 7,786 8,345 9,071 9,164 8,237
F-100 6,679 10,759 10,530 7,582 13,019 11,159
F-102 8,701 12,886 13,638 12,102 14.717 13,545
Mirage 6,031 10,746 12,21/0 8,256 13,958 10,823
MiG15 10,755 13,090 11,493 10,403 9,224 11,705
Fitter 6,969 9,501 5,806 5,213 13,272 9,677
MiG-21 7,295 11,836 10,968 9,011 13,168 12,779

Average 7,776 10,668 10,342 8,570 11,970 10,963

Table 2

Mean Recognition Range for Five Multi-Engine
Aircraft and Six Aspect Angles

(Meters)

A at Aspect (Climb.Heading)

00-0 15'-45' 15o-20' 10o-15 45-3° 0-90

B-66 11,448 9,974 13,383 12,900 14,217 12,693
B.57 14,206 13,476 13,632 13,726 14,771 13,908
Flashlight 10,869 8,517 9,376 9,610 12,474 7,731
Firebar 10,442 9,462 12,478 11,105 14,014 11,626
Beagle 11,890 8,665 13,770 12,826 14,631 8,704

Average 11,771 10,019 12,528 12,033 14,021 10,932

meters for observers using 6x30 binoculars. In a miniaturized test involving six
aluminum-colored model aircraft, Baldwin et al.(, obtained a median recognition range of
about 5,000 meters for observers using 7x50 binoculars. The fact that the average
recognition ranges reported here were similar to the aircraft detection ranges reported
previously for aluminum-colored aircraft suggested thiat color or reflectance was a very
important factor in determining recognition range.

Additional testing was therefore conducted to evaluate the effect of color
(reflectance) on recognition range. The testing was conducted at the same testing facility

6Baldwin et at., op cit.



on 19 and 22 November 1971, between 1300-1500 hours. This supplementary test used
two sets of model aircraft-one silver-colored and one dark grey. The silver models
possessed about the same reflectance as a full-sized aluminum aircraft. The dark grey
models were the same color used in the first test program and had a reflectance about
the same as an aircraft painted with terrain camouflage colors. All light reflectance
measurements were made with a photometer.

There were six models in each color group: AF-1E (F-86), F-100, F-102, Mirage,
B-66, and Beagle. These six aircraft were used be(ause duplicate models were available.
The model aircraft were presented in a random mixture of aircraft and color. Each model
was presented at the 15' climb-45" heading view 10 times in each color. Four of the
personnel used earlier served as observers and were equipped with 7-power binoculars.

The average recognition range (scaled-up) in meters for each model and color was as
follows:

Aircraft and Color Average Range, Meters

AF-1E Grey 11,475
AF-1E Silver 8,325

F-100 Grey 10,625
F-100 Silver 8,150

F-102 Grey 12,500
F-102 Silver 9,070

Mirage Grey 9,470
Mirage Silver 7,925

B-66 Grey 11,600
B-66 Silver 10,025

Beagle Grey 8,900
Beagle Silver 10,800

Averaged over all aircraft, the mean for grey was 10,962 meters and for silver was
9,049 meters. With the exception of Beagle, the recognition ranges for the dark grey
models were greater than for their silver counterparts. The observers reported that the
grey Beagle was very difficult to distinguish from the grey B-66. This discrimination was
not so difficult for the silver models of these aircraft.

With the exception of the AF-1E, the recognition ranges obtained for the grey
models in the partial replication were similar to the data obtained in the first testing. The
data obtained in the partial replication were evaluated by analysis of variance procedures,
and the summary is shown in Table 3.

Significant differences in recognition occurred among aircraft, as would be expected.
The overall differences between the two colors was also significant, in spite of the
significant interaction between color and aircraft. This interaction was due mainly to the
inversion of the color effects for Beagle.

The obtained recognition ranges for the silver models still exceed the average ranges
reported for previous tests. It is assumed that the "professional" observers used in this
most recc'nt test had higher proficiency levels than may have been characteristic of the
nonvolunteer subjects used in previous research.

RECOGNITION ACCURACY

The observers' accuracy in their recognition judgments was computed for each view
separately. A response was considered an error if an erroneous judgment was uncorrected

9



Table 3

Analysis of Variance Summary Table for
Partial Replication

Source df Mean Squarer F

Between Aircraft (A) 5 532 4.51 .01
A x Subject Error 15 118
Between Colors (C) 1 3519 15.71 .05
C x Subject Error 3 224
AxC 5 747 7.70 .01
Ax Cx Subject Error 1b 97
Between Subjects 3 2574

before the model reached the termination of the "flight path." The percentage of

erroneous judgments for each view was as follows:

View Percent Errors

00- 00 2.7
100--150 0.2
15'-200 0.8
15--450 1.0
450-350 0.8

00-90, 1.6

Since an approximate total of 520 judgments were made for each view, these very
low error rates indicate that the observers were not taking risks in making their decisions.
For the total group of 3,116 observations, only 1.2% contained uncorrected errors.

RECOGNITION THRESHOLD

The major objective of this research was to determine the magnitude of the visual
solid angle subtended by the aircraft at the mean (average) recognition range. However,
since aircraft have an irregular form, it is not possible to compute a corr, ;ponding solid
angle. Instead, an approximation method was employed. The diameter of a circle having
an area equal to that presented by each aircraft-view combination was determined. The
angle subtended at the eye by this diameter at the average recognition range then was
computed for each aircraft and view. The subtended solid angle is the square of this
visual angle. This geometric approximation to the visual shape of an aircraft in the
frontal-parallel plane seems apropos for all the aspect angles used except the 0'
climb-90° heading.'

Table 4 presents the solid angle equivalent area circles for each aircraft and view at
the average distance at which it was correctly recognized. The solid angles are expressed
in terms of square mils of solid angle rounded to the nearest whole mil.5 Although these

SA rectangle having a length equal to that of the fuselage and a height adjusted to provide an area
equivalent to that of the aircraft would have provided a better practical approximation. Such rectangular
equivalents, however, were not computed for the 00-900 view. All geometrical approximations used
circles of equivalent area for the purpose of consistency.

8 Expression of the size of the aircraft in geometric terms may be of value for operations analysis
procedures involving gaming and computer simulations of air defense actions.
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Table 4

Aircraft Size in Square Mils at the
Mean Recognition Range

Aspect (Climb-Heading)

Aircraft 0 0 _ 0

a -o i50-450 1i5' 20' 1io0-1 5 45 35' 00-900
AF-1E 10 29 26 39 46 28
F-84 13 34 28 16 42 41
F-100 18 26 27 36 31 30
F-102 16 24 29 29 41 38
Mirage 14 20 14 18 19 24
MiG-15 6 9 12 13 17 16
Fitter 12 21 46 41 34 28
MiG-21 9 16 16 16 22 21

B.66 21 43 36 30 54 45
B-57 10 21 32 19 45 23
Flashlight 7 35 27 18 28 46
Firebar 12 37 20 17 31 31
Beagle 12 45 24 18 39 60

solid angles are frequently quite small, it should be recalled that the task involved the use
of 7-power binoculars as a recognition aid.

AIRCRAFT SIZE

The cross-sectional area of each aircraft in the frontal-parallel plane was estimated
by the method discussed earlier, for each of the six aspect angles or views. Table 5
presents these data, along with, the wing span, fuselage length, and gross weight.

Since the method of estimating the presented area of anl aircraft was so laborious,
there was interest in evaluating a correlational procedure for estimating area from other
physical measurements of the aircraft. Accordingly, Pearson product-moment correlation
coefficients were computed to estimate the strength of the relationships among presented
area and span, length, and weight. These correlations are presented in 'Cable 6.

The correlations between pairs of predictor variables were as follows:
Span and weight .91.
Span and length .78.
Weight and length = .83.

Multiple regression correlation coefficients were also computed, to predict area from
two variables concurrently. Table 7 presents the multiple regression coefficients. Inspec-
tion of Table 7 indicated that the combination of either length and weight or length and
span adcounted for a majority of the predictable variance in area measurements. The
configuration of wing span and weight did not appear to be as effective in the prediction
of area.

The set of multiple regression equations to predict the presented area (A) for each
of the six angles from span (S) and length (L) measurements is as follows:

(1) 0--0 [leading: A = 2.8S + 1.7L--117.0
(2) 0--90 Heading: A = 2.2S + 9.41, -238.2
(3) 10'-15' Heading: A = 2.7S + 5.6L -208.0

11I



Table 5

Square Feet of Area Presented by Aircraft at Six Aspect Angles

Wing _ . Weight Aspect (Climb-Heading)
Aircraft Span L Xgth 0oo0)

((Ft.) Ft) (bs.) Oý0-0 100-1650 450-350 0 0 900

AF-AE 39 36 28 60 197 208 162 351 228
F-84 34 43 28 58 180 166 109 309 246
F-100 38 47 28 68 220 256 179 453 316
F-102 38 68 27 103 447 468 366 781 606
Mirage 27 51 29 42 195 182 101 317 236
MiG-15 33 36 14 54 147 127 114 252 188
Fitter 32 50 29 48 176 136 98 248 220
MiG-21 25 40 17 38 185 165 112 318 293

B-66 72 75 78 236 542 567 436 976 634
B-57 64 66 50 168 371 506 296 872 376
Flashlight 36 55 30 67 178 201 141 367 240
Firebar 40 55 30 107 285 262 179 530 363
Beagle 68 62 44 137 371 380 247 721 408

Table 6 Table 7

Correlations Between Aircraft Area and Multiple Regression Coefficients for
Physical Dimensions Area and Pairs of Predictors

Aspect Wing Fuselage Gross Aspect Span and Span and Weight and
Angle Span Length Weight Angle Weight Length Length

0 -0° .93 .86 .94 0 -0o .97 .96 .96
150-450 .84 .91 .86 150-450 .88 ,93 .91
150-200 .87 .91 .85 150-200 .89 .95 .93
10-150 .83 .88 .83 10o-150 .85 .90 .90
450-350 .89 .90 ,86 450-350 .90 .95 .93
00-900 .73 .86 ,77 00-900 .78 .85 .87

(4) 15--20' Heading: A = 4.2S + 7.5L -284.6
(5) 45--35' Heading: A = 8.3S + 12.1L -475.3

(6) 15'--45' Heading: A = 3.1S + 7.2L -233.2
The aircraft included in the sample used to determine these regression equations are

believed to be representative of the larger population of attack and fighter-bomber
aircraft. As a result, these regression equations should provide valid estimations of the
presented areas for aircraft not included in the experimental sample.

PREDICTING RECOGNITION RANGE

The relationship between mean recognition range and aircraft size was evaluated via

correlational procedures. Pearson product-moment correlation coefficients were computed
to determire the strength of the covariation between the average recognition ranges and

12



the presented areas of the 13 aircraft for each of the six aspect angles. The obtained
correlations are presented in Table 8.

Table 8

Correlations Between Average
Recognition Ranges and

Aircraft Areas

Aspect Angle ation

0°-00 .72
150-450 .18

150-20° .72
100-15° .74
450-350 .64
0°-90° .53

aA coefficient of .55 is required

for statistical significance at the ,05 level.

As indicated by the size of the obtained coefficients, between 25 to 50% of the
variability in recognition range can be predicted from a knowledge of aircraft. size for five
of the views. Apparently, the presented area of the whole aircraft is not the exclusive
determinant of the time when the recognition judgment occurs. The correlation for the
15W-45" view was unusually low 1.18) in comparison with the ranges for the other views.
As previously mentioned, this view appeared to offer the greatest difficulty of all the
views of the multi-engine aircraft. In an effort to explain this, analyses were made of the
individual observer's trial-to-trial reliability.

OBSERVER RELIABILITY

Reliability is concerned with the consistoncy or repeatability of measurements
obtained under spet'i'e conditions. In the recognition tests reported, observers made
judgments about an awrcraft's name as it was moved toward them. If the recognition
judgment was related ¢o some size-associated factor, it would he expected that each
specific aircraft view would elicit a correct judgment when the aircraft reached some
more-or-less constant dist,'",we. The constant distance, however, would vary among the
aircraft in a set, because oi initial size differences among the aircraft. In the context of
this task, therefore, reliability refers to the consistency from trial to trial of each
observer's recognition range for each aircraft. The reliability of each observer's judgment
was estimated by computing the correlation of the aircraft recognition ranges for
successive pairs of trial blocks (trial block 1 versus 2, 2 versus 3, etc.). A trial block was
defined as the presentation of the set of 13 aircraft. These computations were made for
each separate observer.view combination. For each such combination, nine correlation
coefficients were computed.

The 216 reliability coefficients ranged in magnitude from a low of 0.11 to a high of
0.98. The average reliability for each observer-view combination was computed. using the
r-to-z transformation method of averaging correlation coefficients. The mean reliability
coefficients are prescnted in Table 9.

All the average coefficients, except two, are statistically reliable at the .05 level of
confidence. The two low coefficients are those obtained by Observt-rs 3 and .4 for the

13



Table 9

Average Reliability Coefficients for
Each Observer and View Combination

Aircraft Observer Number

View 1 2 3 4

0-0 .83 .63 .80 .72
150-450 .65 .67 .53 .47
150-20o .79 .81 .83 .84
100-15" .82 .73 .64 77
450-350 .84 .71 .77 .65

00.-90° .78 .63 .64 .81

15'-45' view. The percentage of statistically significant reliability coefficients was also

determined for each view summed over the four observers. The results were as follows:

View Percent of 36 Coefficients

00- 00 86
0°-90° 78

10--15' 78
15--200 92450-350 83
150-450 47

It is evident from these results that there was a notable absence of trial-to-trial
consistency in the judgments made by all four observers for the 15"-45( view. In fact,
the lowest reliability coefficient, 0.11, was obtained by Observer 2 for trial blocks one
and two of this view. The lack of reliability for this view cannot be attributed to climatic
or environmental variation since the day was bright and cloudless. The causes of
inconsistency in the judgments of this aircraft view are unknown at present.

CONSISTENCY ACROSS VIEWS

A second facet of reliability is the consistency of the recognition ranges obtained
between pairs of aircraft views. Estimates of this form of judgmental consistency were
obtained by correlating the average recognition ranges for all pairs of views-for example,
0°--O° versus 0--90'. The obtained correlations for the average ranges across all
observers and trials are presented in Table 10.

Relatively few of the intercorrelations were statistically reliable. The pairs of views
in this category were the following:

0--0 versus 10'-15' and 0"-O° versus 15"-20'
10'-15' versus 15"-20
15'--45"' versus 0"-90'
0°--90' versus 15--20"

From these results, it was inferred that these pairs of views are highly similar with respect
to the recognition features that become discriminable at various distanes. A

Additional correlational analywes were made for each individual observei. The inter.
correlations between ordinal pairs of tr als for all combinations or two views were

14



Table 10

Correlations Between Averag
Recognition Ranges for

Pairs of Views

View Pair ra

04,-04 vs, 100-t5" ,all
15O_20" ,151
15*-45*• '21

45 0-356 26

0 -90 .22

15°-45* vs. 10*-15* ,44
15°-20" 47
45-35 ,26
0"-900 ,85,

15"-200 vs, 450--35 153

100-150 vs, 150-20 m85'
45"-350 ,45

0-90 vs. 10"-150 .44
lb"--20* M8'
450-35U 43

O'Statisticaliy significant at .05 level,

computed--for example, trial one of 10.--15' versus trial one of 0"-90" for Observer 2,
The 450 trial-by-trial intercorrelations arn presented in Table 11 for each observer and
each pair of views. (Portions of the trial data had to be dropped from this analysis
because, since observer replacements occurred from day to day, some of the observers did
not participate in the trials for some views.) The objective of this analysis was to
determine the consistency within the individual observer with respeLt to the inter-view,
rather than intra-view, variability in recognition ranges.

With a few notable exceptions, inspection of the matrix of intercorrelations for each
view pair showed a really surprising lack of consistency. The majority of the inter.

l: correlations were not statistically reliable. The notable exceptions were the matrix for

0°-0° versus 10'-15', and the matrix for 10'-15" versus 15"-20". These results
i correlational analysis accomplished on the average recognition ranges.

INDIVIDUAL DIFFERENCES

Since the variation in average recognition range between views also could be a
function of judgmental differences between observers, correlation analysis was also
conducted on inter-observer differences in the recognition ranges of the 13 aircraft, For
this analysis, only the recognition range data obtained on the 10th (last) trial block for
each view were used. The intercorrelations in the recognition ranges for the aircraft
between each pair of observers were computed. These intercorrelatigns are shown in
Table 12. Each correlation coefficient is a measure of the extent to which a pair of
observers tended to recognize each of the aircraft at the same distance, Low
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Table II

Trial-by-Trult Intorcorttlations for Naoh Obewvor w Pair of Viewa
I NI mn •lm

0a -0' vI. 10 156 1 73 ,3 , ,6i ,A64 l 61 A 72 ,3
3 ,40 ,30 A43 ,15 ,00 ,15 ,44 A44 ,71 ,32
4 A6S 46 A 46 ,53 A16 , A10 A70 IN 11

04! 0' w, 15c W-20 1 .54 129 ,6 ,10 419 AV ,71 J 6 I 7s ,64
2 54 ,19 ,43 A13 ,03 A4 ,13 A 42 43 ,2I
3 ,U ,38 ,64 30 A43 .49 A4l ,27 ,11 ,31
4 A42 ,13 .44 ,4 ,A I A46 4 61 ,45 ,33 ,0I

0 v., IV. 45' I 05 A10 -,07 ,30 A4 ,01 ---,03 -,A -,01 -,05
3 A4 ,21 .59 A40 36 Changed Obirvers
4 All -1,01 20 IN I76 71 ,36 -,02 00 ,67

0 v-04 vs, 45•-35" 1 ,31 ,26 ,31 ,04 ,44 ,17 ,4 03 ,N23 ,24
2 ,0 ,44 .48 --,26 -,08 .06 -,33 106 .30 .12
4 111 -,03 -.01 .07 -,21 A46 .00 426 A49 ,37

0 vs, 0'v-906 I A1 -,20 A4l .06 .40 A10 A4l ,22 ,35 A43
3 178 --,26 4b .02 .05 -40 138 -. 34 -.26 .04
4 .70 .06 ,79 .04 A40 .35 .14 -134 M30 ,13

156--45u vs. IU'--15" 1 -.26 .42 .19 A1 .2V -A.26 - 01 .00 A .21 I0
2 -10 ,17 .33 .07 39 --,08 A14 -,12 ,30 A40
3 .23 A43 A13 A4R .48 Changed Observert
4 .01 .20 ,05 133 ,67 .20 I0 ,17 -,01 A70

1IC' 45Q vs, 15"-.20" 1 ---.29 .t1 --.10 ,55 ,57 -,09 -. 09 .11 12 I11
2 .22 .40 .35 .67 66 Changed Observers
3 Changed Observers ,21 ,71 .66 .28 ,60
4 ,Al ,29 -M09 .41 ND .54 A17 ,61 .22 .52

164-45° vs. 450--35" 1 .00 .34 -. 19 .1d ,55 -,10 A14 ,20 ,30 -,21
3 Changed Observers --.12 .10 .50 .14 .55
4 -,20 -A01 -. 08 .01 .20 A45 .04 ,57 .22 .79

15"-45" vs. 0-90' 1 .28 ,39 .18 .71 .64 ,34 ,35 .41 13 32
2 28 .A0 .45 .60 ,39 ,40 ,48 .34 ... .5A
3 ,45 ,09 ,26 ,57 76 Changed Observers
4 .46 .57 .55 .36 .60 .6 .44 ,59 .51 .20

156-200 vs, 45°-35' 1 .23 .84 J72 .59 .56 .58 .57 154 .39 .48
2 .38 .67 .34 .12 .2 .73 .33 ,39 .42 26
4 .50 .61 .46 .47 ND .56 .29 .52 .63 .22

10"-156 vs. 165.-20 1 .79 .A1 .41 .38 .43 .40 .65 ,67 .86 .48
3 .48 .63 .N6 .52 .61 .67 .41 .76 .71 .49
4 A79 .60 .79 .36 .58 .80 .65 .46 .70 .80

100-150 vs. 45'-35" 1 .32 .66 .27 .48 A17 .28 .08 .49 .38 .32
4 .70 .48 .38 -. 09 103 121 ,04 .26 36 J34
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Table 1`1 fC~nf0%#WEE

Trial'byTrial Ineroortlrtions for Itch Obwvm and Pair of Vilws
vow P-1-a -,I ---

O"00 v4 10-1l" 1 117 30 44 ,10 1 ,9 M 11 61 4 A17
1 ,11 ,31 Al ,13 ,01 ,01 -,,0Of 39 v-,46 ,19
3 ,J3 ,41 J9 ,13 ,36 Al All ,A0 All, ,141
4 ,48 02 ,10 ,02 ,13 ,0i -%1? -,0? -,,Of,10

0'-40' vi !5a./" 1 ,17 ,11 .66 ,46 Al 11 ,0Al 32 Al 65 76 40
3 ,JO ,44 A4 39 A81ll ,2 ,40 ,43 .21
4 A4V M 422 .32 NO 416 ,31 17 Al, .06

0"--90 vs, 4W'-38" 1 ,44 ,34 67 ,33 ,40 384 Al M Al M 7J 913
4 ,18 ,42 24 403 29 481 ,21 .14 A4I ,02

Table 12

Intercorrelatione of Recognition Rangs Betwen
Pain of Observen for Each View on Trial 10

Aerseati -. bwifev **."..

Viw15" 86d .61 ,62 377 ,2I l ,6a .16

450-35" .90 .96 ,93 .93 V87 ,97 ,93
0'.-90" 74 .82 .62 156 .55 .AG '71

inturcorre lations suggeht that tlie different observers were using different recognition cues.
High correlations suggest that the observers were using the same recognition cues and
were able to discriminate these features at nearly the same distance.

Summed over observer pairs, the sat of lowest intercorrelations obtained wua
amociated with the 0°-0" view. The highest set of intercorrelations occurred for the
45"-35" view. These results support the anklysis of the average recognition range, which
indicated that the easiest view to discriminate was 45"-35', and one of the most
difficult views was 0"-0",

Table 12 also prestents the nverage intercorrelation for each view. These average rs
reflect the overall variability in the recognition ranges of the set of observations for each
view. Again, the ,t5"-35' view had the greatest inter.observer consistency and the
1W°-45" and 0"-0) observations the least. From inspection of the pattern of inter-
correlations, Observer I tended to he different from all others for the 15'-45' view; this
was true for Observer 4 for the 0'-0' view.
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Table AI

Mean 0R) and Standard Deviation (10 of Reoognition Ranpe
(Mete.)

Ass IU~ AsRi I Aiil 9 7~etj

0'-0' AF,1I 8,390 2,660 10'-10' AF,1 6,928 2,612
PF34 7,399 2,382 P 44 1,071 2,402
F-100 6,679 2,043 F,100 7,582 2,381
F,102 8,701 2,838 F,102 12,102 2,039
Mirage 6,031 1,941 Mirage 8,256 2,197
MIG,15 10,744 1,866 MIG,15 10,404 2,017
Fitter 8,969 1,810 Fittur 5,213 2,818
MIi3,21 7,295 2,994 MiG-21 9,011 2,151
0,66 11,448 1,919 8,66 12,900 1,247
8,57 14,206 595 8.67 13,726 945
Flashlight 10,869 1,551 Flashlight 9,610 2,269
Firebar 10,442 2,027 Firebar 11,105 2,780
seols 11,890 1,818 Beagle 12,826 2.027

0o-80 AFE 9,779 3,617 15*-2W AF.1E 9,686 2,426
F.84 8,238 3,067 F.84 8,385 2,068
F.100 11,159 1,958 F,-O0 10,530 2,198
F.102 13,545 849 F,102 13,638 944
Mirage 10,823 2,940 Mirage 12,270 1,252
MiG-15 11,705 1,839 MIG.15 11,493 1,700
Fiter 9,676 3,424 Fitter 5,806 3,305
MiG.21 12,779 1,693 MIG.21 10,968 2,580
8.66 12,694 1,307 B.66 13,383 908
8.57 13,908 528 6.57 13,632 891
Flashlight 7,731 2,870 Flashlight 9,376 2,657
Firebar 11,626 2,169 Firebar 12,478 2,290
Beagle 8,703 3,387 Beagle 13,770 1,112

450-350 AF-1E 9,274 2,945 150-450 AF-.E 8,737 2,398

F.84 9,154 2,412 F-84 7,786 2,828
F-100 13,018 2,220 F-100 10,758 2,164
F-102 14,716 321 F-102 12,886 2,590
Mirage 13,958 1,076 Mirage 10,746 2,407
MiG-15 9,223 3,092 MiG-15 13,090 1,503
Fitter 13,272 1,735 Fitter 9,501 1,979
MiG-21 13,168 3,123 MIG-21 11,836 2,015
B-66 14,218 939 8-66 9,974 3,445
B-57 14,771 295 B.57 13,476 1,795
Flashlight 12,474 1,967 Flashlight 8,518 1,827
Firebar 14,013 517 Firebar 9,462 1,951
Beagle 14,631 403 Beagle 8,665 3,278

*Duplicates the average recognition ranges and includes the standard deviations of the recognition

ranges for each aircraft and each view.
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